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NEBULIZING AND DRUG DELIVERY DEVICE 



Field of the Invention 

The present invention relates broadly to a nebulizer, and in particular an 
ultrasonic nebulizer r as well as a method and a device for delivering a substance in 
an-aerosel-form--inte^^ 

handheld device for -delivering a substance to a-celluiaf organism: The invention 
relates -particularly-^ 

energy assisted delivery -of aerosol and non aerosol forms of drugs to ceilular 
1 0 organisms. 

Background topf the Invention 

Drugs are commonly administered orally byfgr absorption through a patient's 
digestive tract . This method -or-intrav^nously^ 
1 5 patient--s--v^ins-.---B of drug administration involves systemic 

delivery of high doses of a drug which results in only a small percentage of the drug 
reaching a target area. Because of the high dosage, toxic side effects are often 
involved. In order, to address these problems alternative forms of drug delivery are 
being used for an increasing number of applications. The alternative forms of drug 
20 delivery typically involve: (i) inhalation, and (ii) trans skin or transdermal transport 
which is technically known as transdermal drug delivery. 

Drug delivery via inhalation can involve an aerosol form of a drug. Aerosol 
forms of a drug are usually provided by atomization of a liquid solution form of the 
drug to form aerosol, immediately prior to drug delivery. Atomization is typically most 
25 efficiently effected by nebulization of a liquid, usually but not exclusively, with an 
ultrasonic nebulizer. 

Ultrasonic nebulizers typically include an ultrasonic transducer which is 
positioned below a liquid filled container. For example, in more efficient nebulizers the 
ultrasonic transducer is designed to focus ultrasonic radiation to a specific point within 
30 the container. The focussed radiation results in formation of an upwardly projecting 
fountain of liquid and the formation of aerosol droplets at the fountain. Ultrasonic 
nebulizers operate efficiently when the liquid surface passes through the focal point of 
the ultrasonic transducer. However, they operate poorly or not at all if the liquid 



surface is above or below the ultrasonic transducer focal point. Conversion of liquid to 
aerosol causes the liquid surface to lower which in turn adversely affects a nebulizer's 
efficiency. 

Transdermal drug delivery --can involve passive diffusion and active transport. 
Passive diffu^^ 

small-molecule drugs are applied to the skin in sufficient concentration and for a 
suffieient--period-of-^ 

diffusion is slow and furthermore - because of -the skin's naturai barriers to passage of 

externaily applied substances - passive diffusion is to^^ 

transdermai drug delivery -techniques include sonophoresis r iontophoresis, 

eiectroporation and magnetophoresis. Sonophoresis involves the applioation of 

uitfaseundH^ntepberesis^^ 

field and magnetophoresis involves the application of a magnetic field. 
US^atent-^§744£^^ 

treatment tub for -submersion of a treatment area of a patient in a medicated solution: 
Tbe-tub4neludes-aooustiC"transd-uGor~s-and"Fovvs-of -electrodes— and-eoits-for-doiivory-of 
respecti ve ultrasonic, eieetrie and magnetic radiation to the patient. The radiation 
faeilit-ates-aetw^ 

eiectromagnetophoretic transport -mechanisms . ^ However r the apparatus i s very large 
and expensi ve and cannot readiiy be used for transdermal drug deli very to a specific 
regien-ef-a-patientr 

US patent 59831 34 discloses a flexible cuff connected to a liquid drug 
reservoir The cuff is designed-for a ttachment to a patient-fey^-wrappi of 
the patient 1 s body -4o form an attached sleeve. Referring to figure 4 of US 698S1 34, 
tbe-attae-hed-sleeve-oan-be-elengate- 

encircles a patient's neck. The cuff is designed to transmit eiectrio and magnetic fieids 

to-assi-st4r-ansdermai^eli-very--of--dm^ 

attaebed-^ieever^A/b^^ 

delivery to a specific part of a patient's body, it is cumbersome to use and is only 

suitabie4er~deiive^ 

neck. 

US-patent -5464386-disc-loses-a-transdermal-dw 
designed to supply a fluid medium carrying dr^g ioaded vesicles to a patient's skin via 
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a curved bead assembly . T^ 
active -transdermal -tra^ 
appliGat0f4s^apafele-of^f^^ 
a patient's body . HoweveF r tb^ 
d r u g deli very ^ 

Summary of the Invention 

According to one aspect of ^to^ 
delivering a substan^ 

providing the substance -in an ionized aerasoJ form at a delivery pegion 

of the organism; and 

applying^nagne^ 

delivery - of the ionized aerosol substance to the cellular-organism . 

Rreferably4be-appUcati^^ 
magnetic field More preferably -the pulse magnetic field is asymirretriC: 

/\ocording""tO""another""aspect"Of""the"invention"there"iS"provided""a"iTiethod""Of 
deli vering a substance into a cellular organism , the method comprising the steps ofv 

providing--tbe--substanc 

the organism; 

applying ultrasonic energy to the delivery region to enhance delivery of 
the cream or liquid subste^ 

simultaneously applying magnetic energy and electrical energy to the 
delivery region to effect delivery of the cream-er4fquid-^^ to the cellular 

organism. 

p re f ef . a j 3 |y4^ e .. a p^j^ a t4 GJ q„of"Ultraso^ 

deli very -is promoted by opening of S pores of the organism: 

Preferably-the-ultrasonic-a^ 

Preferably4be-applieatie^ 

fietds r the magnetic field is a pulsed magnetic field: 
Accordlng4o~a4urther-asp 

delivering a substance into a cellular organism , the device comprising: 

an-aeresel-deli-very-head-for providing -the substance in an ioni zed 
aerosol form at a delivery region of the organism; 
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means-for applying magnetic en^ 
enhanced-delivery-of-th^ 

Preferably the aerosol del ^ 

delivery region. 
Pfeferately4fr^^ 

to the aerosol deli very head. More pref erably the nebulizer comprises: 

a-eentainer--being--adapted-te-eont^ 

a tubular -energy transmitter -having one end immersed in the liquid of 
theeentainer and an opposite end positioned olear of toe Uquid; and 

an energy source being operatively coupled to the container or the 
tubular energy -transmitter -for nebulisationefthe liquid and-being arranged for 
t ransmission of to 

in operation the transmitted energy forces the liquid toward the opposite end of 
the4ufeuiafL_energ^ 

Preferably at least one energy transmitter -is positioned so that said one end is 
adjacent— tho-bettorrv-of— the— liquid-.- 

Preferably the energy -transmitter is arranged te allow formation ef-high 
frequene-y-v-ibrati^ 

vibrations effecting aerosol formation at -the Uquid surf aoe at or adjacent the opposite 
end of the energy transmitter: 
Preferably the nebulizef fe 

opposite end of the tubular -energy transmitter and having a cross-sectional area such 
that the s tatic pressure of the-aerosel^teitbi^^ drop 
along the aerosol -tube which alone is sufficient to propel the nebulized aerosol 
tbrough-tbe-aerosol-tube: 

According -to yet another aspect of -the invention tbere is provided a devioe-for 
delivering -a-substance-into-a-cellu]ar--organism T --to 

means~fer~generating~^^ 

a delivery region of --the organism to enhance deli very of the substance in a 
cream or liquid form to said organism; 

means for simultaneously applying magnetic energy and electrical 
enerqy-te-tbe-delive^ 

to the cellular -organism- said ultrasonic generat ing nf^ans being operati vely 



coupJe<i4o-toe-magnetiG--a^ 

effect is provi4e4-by toe combination of sai^m 

Pfeferafely4beH^ 

magnetic -generator, 

The-organism-of4J^^ 

animal . More particularly ^ the organ ism may ^ 
may-comprise-a-memter^ 

comprise skin of the human being: Alternatively -toe membrane may comprise a 

cornea of -thetouman-being. The membrane may aitem 

human-being. 

According to another one aspect of the invention there is provided a nebulizer 
comprising: 

a container adapted to contact a liquid to be nebulized; 
a4ubuiar-energy4r^^ 

and 

an-enorgy-'Source-b^elng-oporaf ively"Couplod"tO"tbe-confainer"for 
nebulisafion of -the iiguid and being arranged for transmission of energy to the 
iiqui4-which4s-f^^^ 

Preferably the energy source is petitioned below toe container, 
a container adapted to contain a liquid to be nebulized; 
a tubular energy transmitter including an acoustic transmitter pipe 

having one end immersed in the liquid proximate and spaced from the 

container; 

an aerosol tube positioned around a portion of the acoustic transmitter 

pipe; 

an acoustic energy source being operatively coupled to the container for 
nebulization of the liquid and being configured for transmission of acoustic 
energy to a focal region of the liquid proximate said one end of the acoustic 
transmitter pipe whereby said liquid is forced toward an opposite end of the 
acoustic transmitter pipe where a guided spout of said liquid is emitted with a 
diameter equal to a diameter of said opposite end of said acoustic transmitter 
pipe, the guided spout nebulized within the aerosol tube. 
Preferably the energy source is positioned below the container. 
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Preferably said one end of the tubular energy transmitter is immersed in the 
liquid. Even more preferably the tubular energy transmitter is positioned so that said 
one end is proximate the bottom of the container. Even stiNmore preferably the 
tuteK=*lar^^ 

opposite end of the energy tfan&mitter. 

Preferably the nebulizer further comprises an aerosol tube positioned about at 
least a portion of the tubular energy transmitter and having a cross-sectional area 
such that the static pressure of the aerosol within the aerosol tube derived from the 
10 liquid spout induces a pressure drop along the aerosol tube which propels the aerosol 
through the aerosol tube. Even more preferably an internal diameter of the aerosol 
tube is greater than an4ntefnaj-diameter of the tubular energy transmitter at its 
opposite end. Still more preferably the aerosol tube is positioned so that it is 
substantially coaxial with the tubular energy transmitter. Even still more preferably 
15 the aerosol tube is connected to the opposite end of the tubular energy transmitter. 

Preferably the energy source vibrates the liquid proximate the opposite end of 
the tubular energy transmitter. 

Preferably the aerosol tube opens at its upper end into an expansion chamber 
which in turn communicates with an outlet duct. 
20 Preferably the expansion chamber is adapted to recirculate larger drops of the 

liquid back into the container. 

Preferably the energy source comprises an ultrasonic transducer for 
transmission of ultrasonic radiation energy. Preferably the ultrasonic transducer has 
a concave shaped surface. Still more preferably the ultrasonic transducer is arranged 
25 to transmit ultrasonic energy to a focal region of the liquid. 

Preferably said the one end of the tubular energy transmitter is proximate the 
focal region. More preferably an internal diameter of the tubular energy transmitter is 
substantially equal to a diameter of the focal region. Still more preferably the tubular 
energy transmitter has a higher acoustic impedance than the liquid. Even still more 
30 preferably the acoustic impedance of the tubular energy transmitter is high enough to 
effect minimal acoustic energy loss during transmittal of the energy along the tubular 
energy transmitter. 



P-r-eferably--toe-a^ 

field-Sr 

Pfefepately4be~ap^^ 

fields. 

Brief Description of the Drawings 

A preferred embodiment of the present invention will now be described, by way 
of example only, with reference to the accompanying drawings, in which: 

Figure 1 is a schematic side elevational view of part of an ultrasonic nebulizer 
10 disclosed in the applicant's US patent No. 5,908,158 

Figure 2 is a schematic side elevational view of part of one example of an 
ultrasonic nebulizer of the present invention which has an ultrasonic transducer 
positioned beneath liquid which is contained in the nebulizer; 

Figure 3 is a schematic side elevational view of part of another example of a 
15 nebulizer of the present invention having an ultrasonic transducer positioned above 
liquid contained in the ultrasonic nebulizer; 

Figure 4 is a schematic side elevational view of a third example of an ultrasonic 
nebulizer of the present invention. 



20 Detailed Description of the Preferred Embodiment 

US patent No. 5,908,158 discloses the applicant's ultrasonic nebulizers which 
are predecessors to the preferred form of nebulizer of the present invention. The 
contents of US 5,908,158 are hereby incorporated into this specification. Figure 1 is a 
schematic representation of the nebulizer of US 5,908,158. The nebulizer 10 includes 

25 a container in the form of bowl shaped container 12 which contains liquid 14, an 
energy source in the form of bowl shaped ultrasonic transducer 16 and an aerosol 
tube 18. The bowl shaped ultrasonic transducer 16 is designed to focus emitted 
ultrasonic radiation energy at an acoustic focal region, in this example acoustic focal 
point 20, which is located just beneath an upper surface of the liquid 14. Energy 

30 absorbed at the acoustic focal point 20 by the liquid 14 causes liquid to project 
upwardly to form a liquid spout 22. 

In addition to formation of the liquid spout 22, ultrasonic radiation focussed at 
the acoustic focal point 20 results in transmission of acoustic energy upwardly 
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through the liquid spout 22. When the acoustic energy reaches an upper surface 24 of 

the liquid spout 22 it results in nebulization of liquid molecule&-wl}iolvferm--at the upper 

surface 24-and the subsequent formation of aerosol 26. Aerosol formation is 

understood to occur by a process which most likely involves capillary wave and 

5 cavitation mechanisms involving high frequency vibrations. 

The liquid 14 can be a liquid or liquid suspension form of any substance which 

is required in an aerosol form. For example, the liquid 14 could include a medicated 

substance, for example a drug, or alternatively could be a perfume. The aerosol 26 is 

a nebulizedvaporised form of the liquid 14 and can be administered to a cellular 

1 0 organism which for the purpose of this example is a person or patient. The aerosol 26 

can be administered to a patient, for example, by inhalation or transferraJ through 

extemal-^eUs-of-^^ 

The aerosol 26 is administered to a patient by propelling it upwardly through 

the aerosol tube 18 which corresponds to the intake tube of the applicant's US patent 

15 No. 5908158. Aerosol 26 formed from the nebulizer <Dan tee administered to a patient 
by^pia^in^^a^deliv^fT-y^regjon^vvi^ 

specif ic -part of & patient' s body , near the aerosol 26 and 
administered -te-tlie-j^ 

As the liquid 14 is nebulized by the nebulizer 10 and aerosol 26 is formed 
20 above the liquid 14, this nebulization of the substance results in depletion of the 
volume of liquid 14 which is contained by the bowl shaped container 12. As the 
volume of liquid 14 decreases the upper surface 15 of the liquid 14 moves 
downwardly. Once the upper surface 15 moves below the acoustic focal point 20 the 
rate of conversion of liquid 14 to aerosol 26 dramatically reduces to cause a 
25 corresponding reduction in efficiency of operation of the nebulizer 10. 

Figure 2 shows one example of an ultrasonic nebulizer 30 of the present 
invention. For ease of reference like features of this ultrasonic nebulizer 30 and the 
previously described nebulizer 10 are referenced by common reference numerals. 
The ultrasonic nebulizer 30 includes a bowl shaped container 12 which contains liquid 
30 14 having an upper surface 15, a bowl shaped ultrasonic transducer 16 and an 
aerosol tube 18. The ultrasonic nebulizer 30 also includes ultrasonic transmission 
mediamedium 32 in the form of water which is positioned between the bowl shaped 
ultrasonic transducer 16 and the bottom of the bowl shaped container 1 12Ngu]d„to„be 



9 



nebulized. The separation of the transmission medium from the nebulized liquid is 
made with a separator 31 which extends across the container 12. The nebulizer 30 
also includes a tubular energy transmitter in the form of an acoustic transmitter pipe 
34 which is supported by the aerosol tube 18 via a connection plate which in this 
5 example is an annular disc 36. The acoustic transmitter pipe 34 is cylindrical in shape 
however the tubular energy transmitter is not limited to this shape. For example, in an 
alternative form the tubular energy transmitter is a bell-shaped pipe (not shown). The 
transmitter pipe 34 and the aerosol tube 18 are arranged coaxial with one another. 
The annular disc 36 includes connection plate apertures in the form of holes 38. The 
10 bowl shaped ultrasonic transducer 16 focuses ultrasonic radiation at acoustic focal 
point 40 which is just above the bottom of the liquid 1 4 but below one end of the 
acoustic transmitter pipe 34 which in this particular example is a lower end 42. The 
correct focal point is achieved by appropriately designing the radius of curvature of 
the bowl shaped ultrasonic transducer 16 and the spacing between it and a bottom of 
15 the bowl shaped container 12. 

Absorption of ultrasonic radiation energy by liquid 14 at the acoustic focal point 
i 40 forces waterliquid upwardly through the acoustic transmitter pipe 34 to form a 
guided liquid spout 44. The guided liquid spout 44 extends beyond an upper surface 
of the acoustic transmitter pipe 34 and the annular disc 36 as shown in fFigure 2. 
20 Energy imparted to the liquid 14 at the acoustic focal point 40 results in transmission 
of acoustic energy upwardly through the guided liquid spout 44 and the wall of the 
acoustic transmitter pipe 34. Aerosol 26 is produced at the exit of the acoustic 
Irangmitter.pj 

induce s a pressure drop along the aerosol tube 18 whic h prope ls the aerosol throu gh 
25 thejL^ 

of acoustic energy at an upper -surface 4& of -the acoustic transmittef pif>e 34 r upper 
surface-48-of-the -annular--^ 
52-HFespeotive]Y-of#*e^ 

those surfaces. 4n addition to suppor ting tt^ acoustic transmitter pi pe 34 the annular 
30 disc-364ncreases4be^ Delivery of 

aerosol 26 formed by the ultrasonic nebulizer 30 to a patient treatment site (not 
shown) is as explained above in relation to the nebulizer 10. The acoustic impedance 
of the acoustic transmitter pipe 34 is higher than that of the liquid 14 to prevent 
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radiation dispersing from the acoustic transmitter pipe 34 during transmittal along it. 
The acoustic impedance is high enough to effect minimal acoustic energy loss during 
transmission of the ultrasonic radiation. 

Figure 3 shows an example of a radially spaced energy source in the form of 
5 an ultrasonic transducer 56 which encircles a longitudinal mid segment 58 of a tubular 
energy transmitter in the form of an acoustic transmitter pipe 60. The ultrasonic 
transducer 56 and acoustic transmitter pipe 60 can be substituted for the ultrasonic 
! transducer 16, ultrasonic transmission medium 32 media 4S and acoustic transmitter 
pipe 34 of the ultrasonic nebulizer 30 to form ultrasonic nebulizer 54. The ultrasonic 

10 transducer 56 transmits ultrasonic radiation energy directly to the acoustic transmitter 
pipe 60 and the liquid 14. Ultrasonic radiation energy absorbed by the liquid 14 results 
in the liquid 14 being forced upwardly through the acoustic transmitter pipe 60 to form 
a guided liquid spout 44. The mechanism which is understood to be responsible for 
formation of the guided liquid spout 44 is known as the sonocapillary effect. Energy 

15 imparted to the acoustic transmitter pipe 60 is transmitted upwardly along walls of the 
acoustic transmitter pipe 60 as explained above in relation to the acoustic transmitter 
pipe 34. Liquid is nebulized as explained above in relation to the ultrasonic nebulizer 
30 by interaction of the acoustic energy with the liquid spout and upper surfaces of 
the acoustic transmitter pipe 60. 

20 The ultrasonic nebulizers 30 and 54 can include additional components 

desoffeecMfw^ 

example- the ultrasonic nebulizers 30 and 54 can include an expansion cbamber r -fof 
exampler^xpansion-ohamber 9 of nebulizers of US 59084 5& (see figures 1 , 2, 3, 4, 6 
and 8} and an outlet duet . Exarri^^ 
25 4- r -§--and-6-of-US-5-9Q8-^ 

expansion ohamber < not -shown-)-,- the aerosol tube 48 functions as the Intake tube 8 of 
US-patent -5-908-1 58 and can be suf>por ted felative to an expansion chamber in a 
similarHTranner4 

expansion chamber & An expansion chamber enables any un-nebulize drops of liquid 
30 whioh4ssue4r©m4^ 

described in US 59084 58, for -subsequent nebulization. Ultrasonic nebulizers 30 and 
-54-wbieh-inciude-an-expans^ 

acoustic-transmitter pipe 34 or 60 respective[y r still include a flange at upper ends 35 
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a^d 64 of acousti^tra^ 

GGfFesf>onds-to a n n u lar-di scs-of -36 and 70 respectively^ 

The cross sectional area of the aerosol tube 18 of ultrasonic nebulizers 30 and 
54 referred to above is such that the static pressure of aerosol 26 within the aerosol 
5 tube 18 induces a pressure drop as aerosol 26 moves upwardly along the aerosol 
tube 18. This pressure drop propels aerosol 26 upwardly through the aerosol tube 18 
avoiding the need for any independent means of propulsion, eg a fan. Correct cross 
sectional dimensions of the aerosol tube 18 ensure that aerosol 26 can be efficiently 
and effectively admitted to a patient treatment site (not shown). 
10 Referring to fFigure 4, an ultrasonic nebulizer 80 is described using reference 

numerals of the nebulizer 10 of figure 1 and ultrasonic nebulizers 30 and 54 of figures 
2 and 3, respectively, to describe common features. The ultrasonic nebulizer 80 
includes a bowl shaped container 12 which contains liquid 14, a bowl shaped 
ultrasonic transducer 16, ultrasonic transmission med4a-medj,um,32 for transmission 
15 of ultrasonic radiation emitted by the bowl shaped ultrasonic transducer 16 to the 
liquid 14. The ultrasonic nebulizer 80 also includes an acoustic transmitter pipe 82 
which is similar to the acoustic transmitter pipe 34 of the ultrasonic nebulizer 30. The 
acoustic transmitter pipe 82 is supported relative to the bowl shaped container 12 by 
an annular support disc 84 which sits on top of the bowl shaped container 12 to 
20 enclose the container 12. Ultrasonic radiation emitted by the bowl shaped ultrasonic 
transducer 16 is focused to an acoustic focal point 40 as described above in relation 
to the ultrasonic nebulizer 30. Aerosol 26 is formed at an upper end 87 of the acoustic 
transmitter pipe 82 also as described above in relation to the ultrasonic nebulizer 30. 
The ultrasonic nebulizer 80 differs from examples of ultrasonic nebulizers 30 
25 and 54 described above in that it includes an expansion chamber which in this 

example is expansion chamber 86. Expansion chamber 86 includes an outlet duct in 
the form of outlet pipe 88. The outlet pipe 88 is partitioned from the acoustic 
transmitter pipe 82 by an upright partition wall 90 which is positioned to one side of 
the expansion chamber 86 to form a main compartment 92 which is positioned 
30 directly over the acoustic transmitter pipe 82 so that the acoustic transmitter pipe 82 is 
approximately aligned with an upright longitudinal axis of the main compartment 92. 
| The partitioned wall 90 also forms a side compartment 94 which connects to a side 
compartment drain pipe 96 that extends downwardly through a hole 98 in the annular 
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support disc 84 and into the liquid 14 of the bowl shaped container 12. Tbs-expansion 
chamber £S is supported-felatw^ 
suppert-dise^r- : ^^ 
expansion chamber 86 for movei^ 
compart men t s 92 a^^^ 

The cross sectional area of the main compartment 92 is such that aerosol 26 
which is formed at the upper end 87 of the acoustic transmitter pipe 82 is propelled 
upwardly within the main compartment 92 by the static -pressure drop referred-to 
abovein relation to nebulizers 30 and §4. When aerosol 26 moving upwardly within 
10 the main compartment 92 meets an upper inner surface of the expansion chamber 86 
it is directed by that surface to flow over an upper end of the partition wall 90 and into 
an upper end of the side compartment 94. Because of the propulsion provided to the 
aerosol 26 as it moves upwardly within the main compartment 92, the aerosol 26 is 
forced downwardly into the side compartment 94. As the aerosol 26 flows in a 
15 downward direction it passes the outlet pipe 88 which provides a lower energy route 
than if the aerosol 26 were to continue downwardly beyond the outlet pipe 88. The 
aerosol 26 therefore exits the side compartment 94 via the outlet pipe 88 for 
administration to a patient treatment site (not shown). 

Liquid 99 in the main compartment 92 and side compartment 94 can occur 
20 either by liquid being projected directly upwardly from the acoustic transmitter pipe 82 
by virtue of ultrasonic energy applied to the liquid 14 at the acoustic focal point 40 or 
by condensation of aerosol 26 during circulation of aerosol 26 from the main 
compartment 92 to the side compartment 94. When the ultrasonic nebulizer 80 is 
optimally adjusted the liquid 9899 includes a minimal un-nebulized component and 
25 therefore effectively only comprises condensed aerosol 26. Most of the condensed 
aerosol 26 circulates into the side compartment 94 for drainage down into the liquid 
14 via the side compartment drain pipe 96. 

Now that various examples of a prefeFFed 
delivering a substance into a ceilular organism have been described r it wili be 
30 appafent4e4be^ 

bave at least tbe foHowing advantages: 
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(a) the efficiency and ef^ 
nebulizatien -unlike -fo^ 
with-eenversien-^f4l^^ 

(b) the -device effectively provides an aerosol fofm of a substance at a 
delivery region of a c^^^ 

{c}the appl ication of an aerosol f or m of a substance to delivery regions 
of--a-eellular-organismis-p^ 
or solid matter is adverse or sensi tive^ 

( d > the deli very of an aerosol form of a sub stance into a celiular 
organism i s po ssible t hrough active t r ansport : techniques in vol ving the 
application of one or RRore forms of radiation or energy ; 

(e) thedelw^^ 

organism is possible through simultaneous application of two or more different 
ferms-efHFadiation-^^ 

(f) the delivery of an aerosol form of a substance into a cellular organism 
Is— possihlo-fhrough— slrftultanoous— applicatlon-of — tvyo— or— rriore-difforont— forrri"S-of 
radiation or energy in a synergistic -manner wherehy different form of radiation 
er--energy-eolleetively--e^^ 

enhancements achievable through independent application of the different 
forms of radiation or energy ; 

(g) 4he^utestance~delive^ 

cellular organism by simultaneous application of two or more different ; forms of 
radiation-vla-an^^^ 

(h) the delivery --of 'a substance via a deli very gun through simultaneous 
application-of-two-or-more-d^^ 

manner whereby -different forms of -radiation or energy collectively enhance 

delivery-more-than-the-sum--^ 

Independen4~applleatien-ef^^ 

Those skilled in the art will appreciate that the invention described herein is 
susceptible to variations and modifications other than those specifically described. For 
example, the specific shape and design of the nebulizer, and the aerosol and 
substanee-deli-very-guns-,- as well as the specific shape, design or configuration of 
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components or assemblies that they comprise may vary provided they function as 
broadly defined. 

All such variations and modifications are to be considered within the scope of 
the present invention the nature of which is to be determined from the foregoing 
5 description. 

It is to be understood that a reference herein to a prior art document does not 
constitute an admission that the document forms part of the common general 
knowledge in the art in Australia or in any other country. 



